The first study on the absorption of phospholipids from the intestine was reported in 1948 by Artom and Swanson. The present study aimed to investigate the metabolism of lysolecithin in the intact small intestine.
MATERIALS AND METHODS
Preparation of choline-methyl-14C-and glycerol-2-3H-labeled lysolecithin Female Wistar rats, weighing about 200g, were injected intraperitoneally with 0.1mCi of choline-methyl-14C (specific activity: 54mCi/mmole) after overnight fasting or with 5mCi of glycerol-2-3H (specific activity: 500mCi/mmole) after 6 hours' fasting. The animals were sacrificed at 6 hours after the injection.
The livers were rapidly removed and homogenized in a mixture of chloroform methanol (2:1 in volume).
After standing for 3 to 4 hours at room temperature the extracts were filtered into separatory funnels and washed according to the methods of Folch et al. 10 Biosynthetically labeled lecithins were isolated and purified by the combination of column chromatography on silicic acid with thin layer chromatography on Kiesel-gel G (E. Merck AG., Darmstadt11).
Labeled lysolecithin was prepared from this labeled lecithin by degradation with Crotalus adamanteus snake venom according to the method of Long and Penny12 and purified by column chromatography on silicic acid. 13 The radiopurity of lysolecithin was checked by thin layer chromatography. It had a molar ratio of ester to phosphorus of 0.99-1.04.
The lysolecithins were used as a micellar solution in 0.9% NaCl in the experiments.
Radioactive materials were purchased from the Radiochemical Centre, Amersham. Crotalus adamanteus snake venom was purchased from the Reptile Institute Inc., Silver Springs, Florida.
Experimental procedure
Overnight fasting female rats, weighing 150-250g, were decapitated under light ether anesthesia at various times (10, 20, 40 and 90 minutes) after the intraduodenal injec tion of labeled lysolecithin as the micellar solution in 1ml of physiological saline.
The small intestines were excised, washed with 0.900 NaCl and homogenized in cold 500 trichloroacetic acid. Acid soluble fraction and lipid fraction were obtained by a slight modification of the method of Santiago-Calvo et al. 14 The liver obtained at 90 minutes after the administration of lysolecithin was treated by the same method.
Chromatographic and analytical procedure Lipid extracts were separated into neutral lipids and phospholipids on columns of DEAE-cellulose15 by eluting with chloroform and then with chloroform-methanol (5:5 in volume). As a result, acidic lipids were removed from the phospholipid fractions. Each of the eluates was evaporated to dryness and dissolved in 100ml of chloroform.
An aliquot of phospholipids was applied to thin-layer plate coated with Kiesel-gel G . The plate was developed with chloroform-methanol-water (65:25:4 in volume) and then sprayed with an 0.2% solution of dichlorofluorescein in ethanol and viewed under ultraviolet ray.
The bands corresponding to lecithin and lysolecithin, identified with each of the authentic standards, were transferred to small glass columns equipped with a plug of glass wool covered by a 5 to 10-mm layer of silicic acid. The lipids were eluated three times 
RESULTS
The recoveries of 14C and 3H-activities in phospholipid and neutral lipid fractions in the rat small intestines at various time intervals and in the rat liver at 90 minutes after the intraduodenal injection of 14C and/or 3H labeled lyso-(1-acyl) -lecithin are shown in Table 1 . Overnight fasting female rats were sacrificed at indicated time intervals after being injected intraduodenally with choline-methyl-14C and glycerol-2-3H-labeled lysolecithins. The values are percentages of radioactivities recovered against the original radioactivities.
The activities in phospholipid fractions of intestinal wall were not so markedly changed and the 14C/3H ratio was almost unity over all experimental periods .
The incorporation of 3H-activity was found to be remarkable in neutral lipid fractions of intestine and the incorporation increased until 90 minutes after injection, but no 14C-activity was detected during the experimental periods . A significant incorporation of 14C into the liver phospholipid fractions was observed , but not of 3H. No radioactivity was found in the liver neutral lipid fraction in Expt. III, but small activity in Expt. IV .
As seen in Table 2 , most of the radioactivities in phospholipid fractions were found mainly in lecithin and appreciably in lysolecithin in both tissues . The data also showed that the labeled lysolecithin decreased apparently but lecithin increased slightly during the 10 to 90 minutes' periods in terms of the percentage of radioactivity in intestinal phospholipids . The specific activities of 14C and 3H in lysolecithin and lecithin also changed , showing almost the same tendencies during the experimental periods , as shown in Table 3 . The ratio of the specific activities of 14C to those of 3H was almost uniform during the experimental periods in Expts. III and IV.
The data on the 14C and 3H specific activities of lecithin subfractions which were separated according to the difference in degree of unsaturation are shown in Table 4 . There was no marked difference in specific activities of either 14C or 3H between the subfractions of intestinal lecithins except that hexaenoic subfractions showed somewhat lower activities than the other three fractions in Expt. III. In most of the cases the ratio of specific activities of 14C to 3H in each subfraction was somewhat higher than unity. In the liver, the monoenoic and dienoic subfractions showed clearly higher activities than the other polyenoic subfraction.
As seen in Table 5 , most of the radioactivity in neutral lipid fractions of intestine was recovered in diglyceride and triglyceride, especially in the latter. Appreciable portions of the 14C radioactivity administered were recovered in acid soluble fractions of both tissues, as shown in Table 6 . Three radioactive spots corresponding to phosphoryl-choline, choline and glyceryl-phosphoryl-choline were detected by radioautography (Fig. 1) . The percentage of radioactivity of each Table 6 ; glyceryl-phosphoryl-choline was most active and choline was negligible in 10 minutes' period, but the three compounds showed almost the same level of activity in 90 minutes' period in the intestine.
In the liver, phosphoryl-choline was the most active and choline moderately but glyceryl-phosphoryl-choline almost inactive in 90 minutes' period.
DISCUSSION
It has been suggested from the data of several workers that lysolecithin in intestinal lumen could be derived from biliary and/or dietary lecithin by the action of pancreatic phospholipase. Borgstrom19 reported that lysolecithin was in 62 to 100 per cent of luminal phospholipids in man given a meal containing no glyceryl-phosphoryl-choline phospholipid, showing that it is mainly derived from biliary lecithin. The uptake of labeled lysolecithin by the small intestine has been investigated by several workers. 7-9,20 They concluded that lysolecithin was a suitable form for absorption by the small intestine and rapidly converted to lecithin in the intestinal wall. The similar phenomenon has been found by Stein and Stein21 who reported that labeled lysolecithin administered into circulation was also rapidly taken up and converted to lecithin by several tissue cells. It seems highly probable that lipids contaning one hydrocarbon chain such as free fatty acid, monoglyceride and lysolecithin are a suitable form to be taken up by various tissue cells. The rapid absorption and conversion of lysolecithin to lecithin in the intestine were also demonstrated in the present work (Tables 1-3 ). The data on 14C and 3H specific activities listed in Table 3 indicated that glycerol and choline moieties of lysolecithin were incorporated almost together into a lecithin molecule, suggesting the formation of lecithin by direct acylation of lysolecithin, because the synthesis of lecithin through the reacylation of glyceryl-phosphoryl-choline which could be derived from lysolecithin by its hydrolysis has never been observed. On the direct conversion of lysolecithin to lecithin, two pathways have been known. One is the acyl transfer from acyl-CoA to lysolecithin and the other is the acyl transfer between two lysolecithin molecules to yield one lecithin and one glyceryl-phosphoryl-choline molecule.
It is most probable that the former pathway could be a predominant one. Erbland and Marinetti22, 23 showed that the former pathway proceeds much faster than the latter in the liver microsome. Furthermore, Nilsson and Borgstrom,9 using doubly labeled substrates, suggested that the former reaction might be the major pathway in intestinal slices.
The selective acyl transfer by the former pathway has been investigated in detail by Lands and Merkl24 using cell-free system of the liver. They concluded that unsaturated fatty acids were more selectively incorporated into j(2)-position of lecithin24 but there was no significant difference in selectivity between various fatty acids possessing different degrees of unsaturation.25 Furthermore, Stoffel et al.26 arrived at the conclusion that the liver microsomal acyltransferases showed no specificity for various natural or unnatural aryl-CoA derivatives when tested with 1-acylglycero-3-phosphoryl-choline as acceptor.
However, the selective incorporation of labeled lyso-(1-acyl)-lecithin into four subfractions of the liver lecithin was observed in the slice experiment by Kanoh, 27 indicating that lyso-lecithin is taken up preferentially into tetraenoic subfraction.
The present data showed no marked selectivity in the incorporation of lyso(1-acyl)-lecithin into each of subfractions of intestinal lecithins except a lower uptake into hexaenoic subfraction in Expt. III.
Considerable portions of 3H activity are found in neutral lipid fraction of intestine. The activity is highest in triglyceride and also appreciable in diglyceride but shows a trace in monoglyceride. On the other hand, 14C-labeled phosphoryl choline was distinctly detected in acid-soluble fraction of the intestine. These findings could be explained by assuming the function of the following two pathways. The one is the reverse reaction of DG-PC transferase28 and the other is the hydrolysis by a phospholipase C-like activity, and then triglyceride is formed by the acyl transfer from acyl-CoA to diglyceride (cf. Fig. 2) .
If the phosphoryl-choline was synthesized enzymatically by the choline kinase reaction through the pathway (3) illustrated in Fig. 2 , a more active choline must be detectable in an early period. However, the amount of labeled choline was negligible in earlier periods as shown in Table 6 . The present data also suggest that considerable portions of lysolecithin were converted to glyceryl-phosphoryl-choline either by hydrolysis or by transesteri fication between two molecules of lysolecithin. The glyceryl-phosphoryl-choline should be further hydrolyzed to choline and glycerophosphate, probably by glyceryl-phosphoryl-choline diesterase activity. 29 In liver lecithin, 14C-activity was more significantly incorporated into monoenoic and dienoic subfractions than into other polyenoic fractions. It is well known that de novo synthesis of lecithin from its constituents such as glycerol, phosphates and choline shows the high selectivity with respect to the incorporation of each compo nent into monoenoic and dienoic subfractions of liver lecithin, in either in vivo studies or the slice experiments.16,27,30 Lecithin and its precursor were labeled by 14C but not by 3H in the liver as shown in Tables 3 and 4. These findings suggest that the choline derivatives containing no glycerol, such as free choline and/or phosphoryl-choline formed from labeled lysolecithin in intestinal wall through the pathways presented above, would be transported to the liver via portal circulation and then utilized to lecithin synthesis probably by Kennedy's pathway.31
